Aim: Serum albumin and globulin have important roles in atherosclerosis development; however, separate studies exploring the relationship between albumin or globulin and coronary heart disease (CHD) have been conducted. We explored whether there was a synergistic effect of albumin and globulin on the presence of CHD. Methods: A total of 395 patients aged 50-74 years with angiographically documented CHD were recruited, and 596 age-and sex-matched controls without CHD were randomly selected from the general population. The association of albumin and globulin with CHD was analyzed using conditional logistic regression after adjusting for traditional CHD risk factors. Results: Mean values of serum albumin and globulin were significantly lower in cases than in controls (p＜0.001). In the fully adjusted model, compared with participants whose albumin ( ≥ 47.3 g/L) and globulin ( ≥ 25.6 g/L) levels were both higher than the median levels in these participants, the odds ratio for CHD was 1.59 (p= 0.048) for participants with higher albumin ( ≥ 47 
Introduction
Serum total protein is composed of albumin and globulin. Albumin is the most abundant protein in the intravascular compartment and plays an important part in vascular protection as an antioxidant [1] [2] [3] . Globulin is a key component of antibodies 4) . Populationbased studies have suggested an association between blood sample after hospitalization and before coronary arteriography was obtained for biochemical tests (97.8% in the first 24 h after CHD onset). Levels of serum triglyceride (TG), total cholesterol (TC), highdensity lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), glucose, high-sensitivity C-reactive protein (Hs-CRP), total protein, and albumin were measured. The level of serum total protein was determined using the biuret reaction (DiaSys Diagnostic Systems, Shanghai, China). Coefficients of variation (CV) of the intra-assay of low level, midlevel and high level of total protein were 1.88%, 1.68%, and 1.59%, respectively, and inaccuracy was 0.24%, 0.17%, and 0.10%, respectively. The level of serum albumin was determined by the bromocresol green method (DiaSys Diagnostic Systems). CVs of the intra-assay of low level, mid-level and high level of albumin were 2.01%, 2.27%, and 1.70%, respectively, and inaccuracy was 0.79%, 0.55%, and 0.87%, respectively. The level of globulin was calculated by subtracting the albumin level from the total protein level. Levels of TG, TC, and LDL-C were determined using an enzymatic method (Human Diagnostics, Wiesbaden, Germany). CVs of the intra-assay of low level, mid-level and high level of TG were 3.16%, 3.62% and 1.76%, respectively, and inaccuracy was 1.00%, 2.50%, and 0.43%, respectively. CVs of the intra-assay of low level, mid-level and high level of TC were 1.69%, 1.66%, and 1.58%, respectively, and inaccuracy was 1.15%, 0.21%, and 0.14%, respectively. CVs of the intra-assay of low level, mid-level and high level of LDL-C were 2.49%, 2.23% and 2.37%, respectively, and inaccuracy was 0.68%, 0.54%, and 0.58%, respectively. The level of HDL-C was determined directly using the phosphotungstic acid/magnesium chloride precipitation method (Human Diagnostics). CVs of the intra-assay of low level, mid-level and high level of HDL-C were 1.88%, 1.73%, and 1.41%, respectively, and inaccuracy was 1.14%, 0.67%, and 1.46%, respectively. Blood glucose was determined using the hexokinase method (Human Diagnostics). Hs-CRP levels were determined using a particle-enhanced immunoturbidimetric method (DiaSys Diagnostic Systems, Holzheim, Germany). CVs of the intra-assay for low level, midlevel and high level of Hs-CRP were 3.37%, 1.11%, and 2.58%, respectively, and inaccuracy was 1.12%, 0.83%, and 1.20%, respectively. The tests described above were carried out with a Hitachi 7600 automatic biochemistry analyzer (Hitachi, Tokyo, Japan) and an assay with an identical batch number in the Clinical Laboratory of Beijing An Zhen Hospital that passed the external quality assessment of the National Center
Methods
The study protocol was reviewed and approved by the Ethics Committee of Beijing An Zhen Hospital (Beijing, China). Written informed consent was obtained from all participants.
Participants
Three hundred and ninety-five patients with arteriographically documented CHD (349 cases of angina pectoris and 46 cases of acute myocardial infarction (AMI)) aged 50-74 years were consecutively enrolled from the Department of Cardiology of Beijing An Zhen Hospital from April 2008 to May 2009 when they were admitted to hospital. Coronary angiography was undertaken using the Judkins technique. CHD was defined as ≥ 50% stenosis of any epicardial coronary artery. CHD patients with cardiogenic shock, severe heart failure, severe ventricular arrhythmias, and other severe comorbidities (malignant tumors, chronic disease of the liver/kidney) were excluded. Controls were selected from the 5402 participants who had been recruited from six provinces in China using stratified random sampling for each sex and a 10-year age group in the Chinese Multi-provincial Cohort Study, and who had attended the examination for assessments of the risk factors of CHD from 2008 to 2009. The response in that examination was 80%. After the exclusion of CHD (defined on the basis of symptoms, history, and electrocardiography), chronic disease of the liver/kidney or a history of infectious diseases in the past week, 2250 participants were eligible for random sampling as controls. Although the number of eligible controls was sufficient for 2:1 frequency matching to cases in each age group and sex group, we used a ratio of 1.5:1 to get the maximum number of controls and to ensure randomization. Controls were then randomly selected in each age group and sex group according to the ratio. In total, 596 controls were selected.
Measurements
A standardized questionnaire was used to collect information regarding demographic characteristics, risk factors of CHD, comorbidities, and medications in cases and controls. In controls, height, weight, and blood pressure were measured during the interview. The mean blood pressure was calculated by two measurements of blood pressure from participants in a seated position using standard techniques after a 5-min rest.
Blood samples were obtained from all participants after an overnight fast. In cases, the first fasting tic model of interaction estimated the associations of all combinations of low and high levels of albumin and low and high levels of globulin (above or below the median (47.3 g/L for albumin and 25.6 g/L for globulin) of participants) with CHD. P ＜0.05 (twosided) was considered significant. Conditional logistic regression analyses were performed using SAS software (Version 9.2; SAS Institute Inc., Cary, NC, USA). All other statistical analyses were carried out using SPSS software (Version 13.0; SPSS, Chicago, IL, USA).
Results

Characteristics of Participants
A total of 991 participants were enrolled in this study: 395 cases (280 males and 115 females) and 596 controls (422 males and 174 females). Sixty-eight percent of the cases had a prior history of CHD. The distribution of serum albumin and globulin levels in cases and controls is shown in Fig. 1A and B. Mean age, blood glucose level, and percentage of males were not significantly different between the two groups ( Table 1 ). The prevalence of smoking, obesity, hypertension, DM, and dyslipidemia was significantly higher in cases than controls (p＜0.001). Because the prevalence of the use of antihypertensive drugs and statins was higher in cases than in controls, blood pressure, TC, and LDL-C were lower in cases than in controls (p＜0.001). Mean values of TG, Hs-CRP, BMI, and waist circumference were higher in cases than controls.
Levels of Serum Albumin and Globulin in Cases and Controls
Levels of albumin and globulin were higher in controls than in cases (p＜0.001). A difference was observed in each stratum of sex, age, DM, obesity, hypertension, dyslipidemia, Hs-CRP level and medication use ( Table 2) .
Mean values of serum albumin were not significantly different between subgroups of different sexes with or without DM, obesity, and hypertension. The mean level of albumin decreased with age in cases and controls, but the mean albumin level in the oldest controls was higher than the mean albumin level in the youngest cases. The albumin level was slightly higher in participants with dyslipidemia than in those without dyslipidemia in both groups. Within cases, the level of albumin decreased with Hs-CRP level (p = 0.004), and the mean level of albumin was significantly lower in AMI patients than in patients with angina pectoris (p = 0.003).
In cases and controls, the mean level of serum for Clinical Laboratory, Beijing, China.
Definition and Assessment of Risk Factors
Diabetes mellitus (DM) was defined as fasting blood glucose ≥ 126 mg/dL (7.0 mmol/L) or with a previous clinical diagnosis 20) . Dyslipidemia was defined as LDL-C ≥ 3.37 mmol/L or a history of dyslipidemia with statin therapy 21) . Obesity was defined as a body mass index (BMI) ≥ 28 kg/m 2 22) . Hypertension was defined as systolic blood pressure ≥ 140 mmHg and/or diastolic blood pressure ≥ 90 mmHg or patients on antihypertensive medications 23) . Hs-CRP levels were stratified according to guidelines set by the Centers for Disease Control and Prevention, as well as the American Heart Association (＜1.0, 1.0-3.0, and ＞3.0 mg/L) 24) . Active smoking was defined as having smoked at least one cigarette per day for ≥ 1 year. Alcohol consumption was defined according to the frequency of alcohol consumption. Participants who drank at least once a week were classified as "drinkers" and those who consumed alcohol less than once a week or subjects who abstained from drinking alcohol were classified as "non-drinkers". The educational level was divided into elementary school or no education, middle or high school, and college or university or higher. The monthly income per capita was defined as the mean monthly total household income in the preceding year divided by the number of family numbers. Monthly income per capita was divided into ＜2,000 RMB (1 RMB = 0.157 US dollar), 2,000-3,000 RMB, and more than 3,000 RMB.
Statistical Analyses
In describing the study population, normally distributed continuous variables were presented as the mean±standard deviation. Variables with a skewed distribution were presented as medians and interquartile ranges. Mean values of normally distributed variables were compared using Student's t -test. Levels of TG and Hs-CRP were compared using the MannWhitney U test because of its skewed distribution. Categorical variables were presented as percentages and compared using the chi-square test. The odds ratio (OR) and 95% confidence interval (CI) from conditional logistic regression analyses were measures of the association of serum albumin and globulin with CHD after adjusting for DM, hypertension, dyslipidemia, BMI level, log-transformed hs-CRP level, alcohol consumption, and smoking status. The effect of globulin level on the association of albumin with CHD was first assessed by entering albumin×globu-lin interaction terms, and testing for multiplicative statistical interaction. A subsequent conditional logis-were not using antihypertensive drugs, hypoglycemic drugs, and statins.
Association of Serum Levels of Albumin and Globulin with CHD
The results of univariate conditional logistic regression analysis showed that the OR for CHD was 1.25 (95% CI 1.20-1.30) for each g/L decrease in albumin level and 1.12 (95% CI 1.09-1.16) for each g/L decrease in globulin level. After adjustment for DM, hypertension, dyslipidemia, BMI, HDL-C, logtransformed hs-CRP level, alcohol consumption, and globulin was higher in women than in men; in nonsmokers than in smokers; and in non-drinkers than in drinkers. The globulin level increased with age and Hs-CRP level in both groups, but the mean globulin level in the youngest controls exceeded the mean value in the oldest cases, and the mean globulin level in controls with Hs-CRP ＜1.0 mg/L also exceeded the mean value in cases with Hs-CRP ＞3.0 mg/L (Table 2) ; however, the serum globulin level was not affected by DM, hypertension, dyslipidemia, and types of CHD. The mean level of albumin and globulin was not significantly different between participants who were or conditional logistic model adjusting for all traditional risk factors and dividing participants into four groups (high albumin＋high globulin; high albumin＋low globulin; low albumin＋high globulin; and low albumin＋low globulin) according to the median values of albumin and globulin levels of the participants, compared with those with high albumin and high globulin, only low albumin was significantly associated with CHD, and a synergistic effect of albumin and globulin on CHD was found when both albumin and globulin were low (OR = 16.03; 95% CI 9.66-26.59; Table 4 ).
The socioeconomic status may affect the association of CHD with albumin and globulin. Further analysis was conducted by taking monthly income and education level into account. The synergistic effect of albumin and globulin on CHD remained significant (OR = 18.37; 95% CI 10.48-32.18, p＜0.001), as well as the effects of DM, hypertension, dyslipidemia, smoking, alcohol consumption, BMI, monthly income and education level.
Considering that the potential acute inflammatory response due to the onset of AMI may decrease the serum albumin level, we excluded 46 AMI patients smoking status, lower serum albumin and globulin levels had an independent correlation with the presence of CHD (OR for albumin, 1.32; OR for globulin, 1.20; all p＜0.001; Table 3 ).
Because there are no established cutoff values for serum albumin and globulin to identify an increased risk of CHD, different cutoffs were tested, including quartiles (albumin: 50. 
Synergistic Effect of Albumin and Globulin on CHD
When the levels of serum albumin and globulin were included in the multiple conditional logistic regression model as interaction terms, albumin and globulin had a synergistic effect on increasing the odds of having CHD (p for interaction ＜0.001). In the The mechanism underlying the associations observed among albumin, globulin and CHD remains unknown. One possibility is that higher levels of albumin and globulin are protective against CHD. The antioxidant activity of albumin may play a part: serum albumin molecules have the highest sulfhydryl content in the human body, and the antioxidant activity of albumin may come from oxidation of the albumin thiol to sulfenic acid 3) . The antioxidant properties of serum albumin may also result from their ligand-binding capacity. Albumin contains a type of high-affinity site for copper 27) . Free copper can react with hydrogen peroxide, leading to the formation of deleterious hydroxyl radicals released from the Fenton reaction, and sequestration of copper ions by albumin can prevent this reaction 28) . Indirect antioxidant activity of albumin comes from its ability to bind and transport bilirubin, which has been shown to act as an inhibitor of lipid peroxidation 29) . Albumin also can bind homocysteine, resulting in a decreased level of serum homocysteine, which is a risk factor for atherosclerosis 30) . The results of basic scientific research suggest that globulins contain anti-atherosclerotic components (e.g., γ-globulin). Nicoletti et al. found that injection with γ-globulin could inhibit the progression of atherosclerosis during the fatty streak phase and plaque phase in apoE knockout mice 31) . Another experimental study in Japan found that treatment with γ-globulin, even at a later stage of atherosclerosis, could suppress lesion development 32) . A basic science study found that γ-globulin, lipids and some cells can move from circulating blood into the arterial in cases and their corresponding controls. Similar results were obtained.
Discussion
We found that the levels of serum albumin and globulin were both associated with CHD, independent of traditional CHD risk factors such as DM, hypertension, dyslipidemia, BMI, HDL-C, Hs-CRP, alcohol consumption, smoking status, monthly income and education level. The strongest association with CHD was the combination of low albumin and low globulin.
Authors of several prospective studies have found an association of low serum albumin with the risk of future CHD, but whether such a relationship is confounded by sex, age, blood pressure, blood lipids and other factors is not well established 7-17, 25, 26) . One study found that older persons with a relatively low serum albumin level, even within the normal range, might be at increased risk of incident CHD; however, in that study, blood samples were collected when participants were in a non-fasting state 16) . The Framingham Offspring Study, which had a mean follow-up of 21.9 years and 280 cases of myocardial infarction in 5124 participants, found that lower serum albumin appeared to be associated with an increased risk of CHD, though the certainty of the association was compromised by a lack of statistical power 15) . Most of these studies were conducted in Caucasians and, until the present study, no study has examined the association of protein components with CHD in Asians. CHD, coronary heart disease; BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; Lg_ hsCRP, log-transformed high-sensitivity C-reactive protein level (mg/L); OR, odds ratio; 95% CI, 95% confidence interval The model was adjusted for diabetes mellitus, hypertension, dyslipidemia, BMI, HDL-C, Lg_hsCRP, alcohol consumption, smoking status, and albumin and globulin.
controls. Gofin et al. also observed this phenomenon 38) . Other researchers have reported that the levels of immunoglobulin (IgA, IgC, IgG and IgM) were significantly lower in smokers than in non-smokers, but the mechanism was not clear 39, 40) . Some researchers have suggested that tobacco smoking seems to decrease the humoral immune response, resulting in suppressed formation of antibodies to inhaled antigens 40) . The serum globulin level was lower in alcohol consumers than in non-drinkers; the potential mechanism needs further investigation. Our results also suggested that alcohol consumption might have a cardioprotective effect. One meta-analysis showed that lightto-moderate alcohol consumption (5-25 g/day) was significantly associated with a lower incidence of cardiovascular and all-cause mortality 41) . Drinking was defined only by the frequency of alcohol consumption in the present study, so the cardioprotective effects of alcohol here might have resulted from light-to-moderate consumption of alcohol.
The level of albumin decreases after inflammation, usually reaching the lowest value one week later 12, 36, 42) . Within subgroups, the albumin level was significantly lower in the AMI subgroup than in the angina pectoris subgroup. To avoid the potential influence of a transient decrease in serum albumin due to the inflammatory response, we excluded 46 AMI patients and their corresponding controls and reanawall through localized structural defects of the arterial wall, which initiated localized lesions of atherosclerosis 33) . The serum globulins in the present study comprised all four types (α1, α2, β, and γ globulins). Whether the correlation between globulin and CHD seen in the present study was largely driven by the anti-atherosclerotic effect of γ-globulin deserves further investigation.
Several factors may affect the serum levels of albumin and globulin. We found that the level of serum globulin was higher in women than that in men in both cases and controls. This difference might be explained by the different patterns of circulating proteins of humans between men and women 34) . The present study and a former population study found that a fall in serum albumin was associated with aging 35) . This might be because younger subjects had a better nutritional state than older cases.
We found a correlation among serum albumin (in cases), globulin (in cases and controls) and Hs-CRP levels, which might be due to an inflammatory reaction. Serum albumin is a type of negative acutephase protein whose levels decrease during inflammatory reactions 36) . Levels of α1 globulins (α1-antitrypsin, thyroid-binding globulin, and transcortin) and α2 globulins (ceruloplasmin, α2-macroglobulin, and haptoglobin) are also increased in acute inflammation 37) . We found that the serum globulin level was lower in smokers than in non-smokers in cases and CHD, coronary heart disease; BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; Lg_hsCRP, log-transformed high-sensitivity C-reactive protein level (mg/L); OR, odds ratio; 95% CI, 95% confidence interval † Reference group. ‡ The median of albumin and globulin levels in these study participants was used as the cutoff. The model was adjusted for diabetes mellitus, hypertension, dyslipidemia, BMI, HDL-C, Lg_hsCRP, alcohol consumption, smoking status, and strata of albumin and globulin levels. 
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The authors declare that there are no conflicts of interests. lyzed the data (349 cases and 527 controls). Similar results were obtained. There are several limitations in this study. First, as a case-control study, we could investigate only the cross-sectional association of albumin and globulin with CHD, and could not conclude whether albumin and globulin are "innocent bystanders" in the CHD disease process, or whether low albumin or globulin precedes or follows CHD in the causal pathway. Prospective and mechanistic experimental studies are required to further elucidate the relationship between low serum albumin or globulin and CHD, and why the synergistic effect of low levels of both albumin and globulin exceeds the CHD association found with either protein component alone. Secondly, the cases in this study were sampled from a hospital, while the controls were sampled from a sample of the general population. The first record of blood pressure and lipid level collected for all CHD cases from medical records might not represent the usual blood pressure and lipid levels of those cases because the CHD cases might have received immediate treatment, such as statins, before their hospitalization; therefore, we used hypertension and dyslipidemia instead of blood pressure and lipid levels in our analyses, which may have resulted in a residual confounding effect. Third, the blood samples of 2.2% cases were obtained during 24 to 48 hours after CHD onset; however, such a small proportion of cases should have little effect on the results. A previous study showed that the albumin level did not decrease significantly until one week after an acute stimulus 36) . Finally, we only collected the data on the frequency of alcohol consumption. The absence of information about the volume of alcohol consumption was another limitation of the present study.
In conclusion, in this case-control study, low serum albumin and low globulin were independently associated with CHD. Low albumin and low globulin together had a synergistic effect in increasing the odds of having CHD after adjustment for traditional risk factors. The possible predictive value of albumin and globulin for CHD risk and the potential mechanism of the association of low albumin and low globulin with CHD deserve further investigation. CHD, coronary heart disease; BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; Lg_hsCRP, log-transformed high-sensitivity C-reactive protein level (mg/L); OR, odds ratio; 95%CI, 95% confidence interval † , Reference group. The model was adjusted for diabetes mellitus, hypertension, dyslipidemia, BMI, HDL-C, Lg_hsCRP, alcohol consumption, smoking status, albumin and globulin. CHD, coronary heart disease; BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; Lg_hsCRP, log-transformed high-sensitivity C-reactive protein level (mg/L); OR, odds ratio; 95%CI, 95% confidence interval † , Reference group. The model was adjusted for diabetes mellitus, hypertension, dyslipidemia, BMI, HDL-C, Lg_hsCRP, alcohol consumption, smoking status, albumin and globulin. CHD, coronary heart disease; BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; Lg_hsCRP, log-transformed high-sensitivity C-reactive protein level (mg/L); OR, odds ratio; 95%CI, 95% confidence interval † , Reference group. The model was adjusted for diabetes mellitus, hypertension, dyslipidemia, BMI, HDL-C, Lg_hsCRP, alcohol consumption, smoking status, albumin and globulin. Table 4 . Multiple logistic regression analysis of the association of albumin and globulin with CHD (using the mid-value of normal range as cutoff ) CHD, coronary heart disease; BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; Lg_hsCRP, log-transformed high-sensitivity C-reactive protein level (mg/L); OR, odds ratio; 95%CI, 95% confidence interval † , Reference group. The model was adjusted for diabetes mellitus, hypertension, dyslipidemia, BMI, HDL-C, Lg_hsCRP, alcohol consumption, smoking status, albumin and globulin.
Appendix
Appendix Table 5 . Multiple logistic regression analysis of the association of albumin and globulin with CHD (using the mean as cutoff ) CHD, coronary heart disease; BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; Lg_hsCRP, log-transformed high-sensitivity C-reactive protein level (mg/L); OR, odds ratio; 95%CI, 95% confidence interval † , Reference group. The model was adjusted for diabetes mellitus, hypertension, dyslipidemia, BMI, HDL-C, Lg_hsCRP, alcohol consumption, smoking status, albumin and globulin.
